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Previewsadvent of CRISPR/Cas9 technology, will
significantly accelerate the pace of func-
tional analyses of skin morphogenesis
and the development of new tools for
visualizing, and tracing the lineages of,
specific cell populations. In the future it
will be of interest to employ similar ap-
proaches to explore the molecular basis
of regional differences, for instance in dor-
sal versus ventral and in hairy versus non-
hairy skin. Extending these analyses to
include microRNAs and large noncoding
RNAs, which are increasingly recognized
as playing key roles in stem cell function
and differentiation, will also be valuable.
Skin development is a highly dynamic
process. The availability of fluorescent
reporters of gene expression, cell-cycle
stage, and signaling pathway activity, as
well as exciting recent advances in live490 Developmental Cell 34, September 14, 20imaging of skin tissues (Ahtiainen et al.,
2014; Rompolas et al., 2012), are now
making it possible to monitor changes in
expression patterns and visualize their ef-
fects on signaling, cell division, and cell
movements, in real time. Sennett et al.’s
fascinating ‘‘snapshot’’ of gene activity
will facilitate such studies and provides
us with an exciting preview of Technicolor
movies yet to come.REFERENCES
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Differential inductive signaling during asymmetric division of progenitor cells specifies the heart lineage
in Ciona intestinalis. In this issue of Developmental Cell, Cota and Davidson (2015) show that differential
induction is mediated by FGF receptor regionalization, resulting from asymmetric cell-matrix adhesion and
reduced mitotic turnover of polarized Caveolin-rich membrane domains.Inductive signaling plays a central role in
cell fate acquisition, for example in driving
mesodermal progenitor cells toward a
cardiac fate. The vertebrate heart and
pharyngeal muscles are derived from
evolutionarily conserved cardiopharyng-
eal mesoderm that shares developmental
regulators and sequential fate decisions
with tunicates, our closest invertebrate
chordate relative and a powerful model
system for investigating the earliest steps
of heart development (Diogo et al., 2015).
Cota and Davidson now demonstrate in
this issue of Developmental Cell that
polarized induction of cardiopharyngeal
progenitor cells in the ascidian tunicate
Ciona intestinalis is driven by spatiallyrestricted receptor localization (Cota and
Davidson, 2015). Furthermore, they iden-
tify the intersection between asymmetric
cell-matrix adhesion and mitotic mem-
brane turnover as themechanism control-
ling receptor regionalization (Figure 1).
This elegant study of the cell biology un-
derlying cardiopharyngeal specification
has broad implications for our under-
standing of how basic cellular mecha-
nisms—such as adhesion, membrane
turnover, and mitosis—impact embryonic
cell fate decisions.
The cardiac lineage in Ciona is derived
from bilateral B7.5 blastomeres in the
110-cell embryo thatexpress the transcrip-
tion factor Mesp (reviewed in Kaplan et al.,2015). Activation of the cardiac genetic
program requires Mesp together with
MAPK-Ets activity downstream of fibro-
blast growth factor (FGF) signaling and is
restricted to two anterior/ventral grand-
daughter cells of B7.5 that arise
by asymmetric cell division at the late neu-
rula stage (Kaplan et al., 2015). These cells,
termed trunk ventral cells (TVCs), migrate
into the trunk region to give rise to the heart
and pharyngeal muscles at metamor-
phosis (Kaplan et al., 2015). In contrast,
the posterior/dorsal granddaughter cells,
expressing Mesp but not active MAPK-
Ets, form anterior tail muscle.
FGF signaling plays a conserved role
in cardiogenesis, being required for
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Figure 1. Adhesion-Dependent Polarization of FGFR Distribution Drives Differential
Cardiopharyngeal Induction
Cartoon based on the work of Cota and Davidson (2015), showing how asymmetric adhesive enrichment
of FGFR and caveolin, coupled with reduced membrane turnover, mediates selective activation of FGF
signaling in newborn TVCs to induce the cardiopharyngeal genetic program.
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Previewsactivation of the cardiac program in
Drosophila as well as in vertebrates. FGF
signaling operates with BMP signaling to
specify cardiac mesoderm and, through
autocrine signaling, regulates late-differ-
entiating cardiac cells in vertebrate
pharyngeal mesoderm (Park et al.,
2008). FGF signaling plays iterative roles
in short-range inductive signaling in the
earlyCiona embryo (Lemaire, 2009). How-
ever, the daughter cells of B7.5 are uni-
formly exposed to FGF ligand, raising
the question of how polarized induction
of TVCs arises (Cooley et al., 2011).
Davidson and colleagues have previ-
ously shown that, prior to cell division,
B7.5 daughter cells make transient polar-
ized CDC42-dependent protrusions to-
ward the ventral epidermis that remains
in contact with the newborn TVCs (Cooley
et al., 2011). These dynamic protrusions
are enriched in F-actin and phospho-tyro-
sine; interestingly, similar polarized pro-
trusions have been observed in murine
cardiopharyngeal mesoderm (Francou
et al., 2014). Subsequently, the Davidson
group demonstrated that interactions
between B7.5 daughter cells and the
epidermal extracellular matrix, defined
by Talin-containing adhesive foci, act
cooperatively with ventral protrusions
to polarize FGF-mediated induction of
cardiopharyngeal fate (Norton et al.,
2013). Cell-matrix interactions play critical
roles throughout development and are
important at multiple stages of later car-diac development. By modulating RAP-
GTPase activity, required for integrin
activation, Norton et al. showed that
cell-matrix adhesion is necessary and
sufficient for polarized progenitor cell
induction (Norton et al., 2013). However,
it was unclear how localized adhesion is
regulated and how this in turn triggers
polarized induction.
Cota and Davidson now further harness
the power of the Ciona system to address
these issues (Cota and Davidson, 2015).
They first show that, like protrusive activ-
ity and adhesive foci, an FGF receptor
(FGFR)-Venus fusion protein is enriched
in the ventral region, including the mem-
brane adjacent to the epidermis, of B7.5
daughter cells during mitosis and remains
enriched in TVCs. Polarized FGFR distri-
bution thus appears to account for differ-
ential induction of the cardiopharyngeal
lineage. Furthermore, by modulating Rap
activity, the authors show that regional
FGFR distribution depends on asym-
metric cell-matrix adhesion, a process
the authors term ‘‘adhesive enrichment.’’
The upstream signal or signals promoting
regional adhesion and protrusive activity
remain to be identified. Recent experi-
ments suggest that epidermal secretion
may be dispensable for TVC induction
although required for TVC-epidermis
adhesion during subsequent migration
(Gline et al., 2015).
Cota and Davidson provide insight into
the mechanisms underlying adhesive en-Developmental Cell 34, Serichment. They find that loss of FGFR
enrichment, upon blocking RAP activity,
can be rescued by expression of Integ-
rin-b2 but not Integrin-b1 and that switch-
ing the internalization domain of these two
proteins reverses phenotypic rescue.
These results suggest that adhesion,
through integrin complexes, suppresses
membrane internalization. The authors
further demonstrate that matrix adhesion
also blocks receptor degradation. It is
unclear at this stage whether receptor
enrichment occurs by inhibition of inter-
nalization or increased recycling to the
zone of adhesion. However, the accumu-
lation of cytoplasmic FGFR ventrally
and the role of degradation suggest that
differential sorting after internalization
may occur. High-resolution in vivo dy-
namic imaging will be required to resolve
this issue. Modulation of endocytic sort-
ing of internalized FGF8 has been shown
to alter morphogen gradient interpreta-
tion in zebrafish (Nowak et al., 2011). In
the present study, adhesive enrichment
appears to be independent of receptor
activity.
Cota and Davidson go on to reveal that
Caveolin also shows asymmetric adhe-
sive enrichment. Caveolin-rich mem-
brane domains, which are recycled
during mitosis and redistributed upon
cell division, play important roles in cell
signaling. Using CRISPR/Cas9 and domi-
nant-negative approaches, the authors
demonstrate that Caveolin is functionally
required for selective FGFR enrichment
and cardiopharyngeal induction. Further-
more, transgenic Caveolin expression
rescued induction upon partial integrin
inactivation, indicating a role downstream
of adhesion. Interestingly, although Cav-
eolin restored induction, TVC migration
was blocked, uncoupling induction from
adhesive requirements for migration.
The authors propose that, as asymmetric
cell division takes place, adhesion in-
hibits Caveolin recycling of membrane
domains enriched in FGFR, thus polar-
izing induction to the prospective TVC
membrane domain (Figure 1). Impor-
tantly, these results suggest that
membrane turnover at mitosis plays a
regulatory role in inductive signaling by
amplifying FGFR enrichment at the site
of adhesion.
The findings of Cota and Davidson have
broad implications for our understanding
of how polarized cell fate decisions areptember 14, 2015 ª2015 Elsevier Inc. 491
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Previewsmade in the developing embryo. More-
over, this study highlights the importance
of the local environment and niche, as
well as crosstalk between adhesion and
mitosis that is likely to be highly relevant
for the control of asymmetric cell fate
choice in stem cells. Finally, this work il-
lustrates the power of the Ciona model
and its growing molecular toolkit to
dissect, at high resolution, the cell biology
underlying developmental decisions in
the living embryo. The apparent extensive
homology of regulators and cell fate
decisions between ascidian and verte-
brate cardiopharyngeal mesoderm sug-
gests that conclusions from studies of
the ascidian embryo are relevant to our492 Developmental Cell 34, September 14, 20understanding of the vertebrate situation.
This, in turn, will contribute to the identifi-
cation of genes and pathways regulating
vertebrate cardiac progenitor cells that
may be involved in congenital heart
defects.REFERENCES
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